Findings of the Rats Receiving 50mg Orotic Acid
Esophagus-In both mucosa and submucous layer no orotic acid fluorescence was observed.
Stomach-The fluorescence of orotic acid was faintly detected in the epithelium of mucosa, but scacely in glandular cells after one hour.
Of course, no orotic acid was found in both muscular layer and serosa.
However, it was seen in mucous epi thelium and glandular cells of mucosa after 3 to 6 hours, but it disappeared after 24 hours.
FIG. 1
Villi near the lumen of villi after one hour. However, it was diffusely observed in the mucous epithelium of villi after 3 hours (Fig. 1) . In submucosa it was distinctly seen in the capillaries and also in central lacteals. Almost the some picture was obtained after 6 hours. It is considered to be the picture of re absorption of orotic acid excreted in bile from liver cells.
Large Intestine-While there was no fluorescence of orotic acid in any por tion of the large intestine after one hour, it was faintly seen in mucous epithelium after 3 to 6 hours. It is assumed that the resorption of orotic acid takes place mostly from the small intestine leaving little to be absorbed from the large intestine. After 24 hours the fluorescence was almost negative.
Liver-Orotic acid was found only in the peripheral portion of the acini after one hour (Fig. 2) .
After 3 to 6 hours, however, it increased distictly, distributing diffusely in the acini (Fig. 3) .
In liver cells the acid was first detected in the por tion near the cytoplasm membrane, entering then diffusely the cytoplasm, but not seen in the nucleus at this time.
Gradually it began to appear in the nucleus afterwards.
In Kupffer cells the distribution of the acid was less marked than liver cells and remained undetectable till it entered the cental portion of acini.
After 24 hours the acid decreased remarkably in liver cells but still well recognizable.
Pancreas-Orotic acid was not yet detected after one hour, but after 3 to 6 hours it was observed abundantly in the cytoplasm, but faintly in the nucleus of glandular cells of exocrine portion.
In the Langerhans' islet the distribution was very scantly.
Heart-The fluorescence of orotic acid was scarcely detected in the heart one hour after receiving the acid.
It became distinct in capillaries and muscle cells after 3 to 6 hours, and almost disappeared after 24 hours.
Blood-In aotra a faint orotic acid fluorescence was seen in adventitia but none in media and intima after one hour. After 3 to 6 hours, however, it was detect ed in media and intima as well as in adventitia.
In middle large vessels a slight uorescence was observed in intima after 3 to 6 hours.
In capillaries the distribu tion of the acid was various according to organs, e. g., in the capillaries of testes the acid was abundantly detected.
Spleen-The presence of orotic acid was not distinct after one hour, but it was distinctly seen after 3 to 6 hours It was detected in the reticulum cells and lymphocytes of white pulp and the endothelium of sinus (Fig. 4) .
But it became faint after 24 hours. Lymph Nodes-In mesenterial lymph nodes the fluorescence was found in endothelial and reticulum cells after 3 to 6 hours, though it was not yet detected after one hour. In the lymph nodes of other portions the intensity of the fluorescence was weaker after 3 hours but it became as intense as mesenterial lymph nodes after 6 hours.
Bone Marrow-The fluorescence of orotic acid was indistinct after one hour, but it was marked not only in reticulum cells but also in hematopoietic portions after 3 to 6 hours (Fig. 5) .
Lungs-The orotic acid was scarcely detected in any portion after one hour. However, it was found not only in histiocytes, wandering cells and endothelia of alveolar septa but also in alveolar epithelia after 3 to 6 hours.
This picture became indistinct after 24 hours.
In mucous epithelia of the bronchus the acid was not detected in any case.
Brain and Spinal Cord-While the fluorescence of orotic acid was not ob served in meninges, it was slightly noticed in nervous cells of the brain and spinal cord after one hour. The acid in nervous cells became fairly distinct after 3 to 6 hours, but it was remarkably reduced after 24 hours. In nervous fibers the fluorescence remained indistinct.
In nervous cells the fluorescence of the acid was found diffusely in cytoplasm, especially rich in Nissl's bodies.
In the nuclei of nervous cells it was faint at the beginning, but it increased more and more and finally it was found abun dantly in nucleoli and chromatin nets as well as in cytoplasm.
Uptake of the acid by nervous cells was different according to its type and localisation.
It was especially rich in the large pyramidal cells in cerebelar cortex, Purkinje cells in cere bellum (Fig. 6 ) and motor cells in the anterior column of spinal cord.
In general, the acid was abundantly seen in the cells rich in Nissl's substances. In glia cells the acid was also definitely observed. Kidneys-In both corpuscles and tubules the fluorescence of the acid was indis tinct after one hour, but in corpuscles it appeared definitely in the endothelia of glomerular capillary loops but not in Bowmann's capsules after 3 hours.
It was especially marked in the epithelia of tubules (Fig. 7) . The orotic acid content in the tubules was different according to its portion; highest in proximal convoluted tu bules, followed by that in distal convoluted and collecting tublules.
Sometimes the fl uorescence of the acid was observed not only in the epithelia but also in the lumina of the tubules. After 6 hours the fluorescence of the corpuscles was scarcely seen any more but that of the tubules remained almost the same.
After 24 hours the fl uorescence of the tubules was definitely reduced.
Testes-The acid was not marked in the testes after one hour, but it became apparent in the seminal tubules and ca pillaries of the interstitium after 3 hours. In seminal tubules the acid was seen in Sertoli's cells and seminal cells of each stage.
In the latter cells it was richest in spermatogonia, followed by sperma tocytes and spermatids but it was scarcely found in sperm itself (Fig. 8) . It was largely reduced after 24 hours.
Ovaries-The acid was not found in any portion after one hour, but it became distinct in the endothelia of the capillaries of the interstitium and in Techa and granular cells of the follicles after 3 to 6 hours, but less than that in the testes. It became very faint after 24 hours.
Changes in Histological Distribution
of Orotic Acid According to Doses
As mentioned above, in the control animals without loading the fluorescence of orotic acid was not observed.
After oral administration of 50mg of the acid, its uorescence became apparent in main organs.
The changes of the acid in main organs were then observed after giving varying doses of the acid.
If the changes in fluorescence parallel the doses of the acid, the fluorescence is assumed to be due to the acid.
Various doses of the acid, 1, 5, 10, 50 and 100mg, respectively, was given orally.
The animals were then killed at certain time intervals and the organs were examined.
The rats loaded with 1mg of the acid showed no fluorescence of the acid.
In the animals receiving 5 or 10mg of the acid the fluorescence was marked in the liver, kidneys, testes and bone marrow, but in other organs it was indistinct.
In the case giving 50mg of the acid distinct histological pictures were obtained.
After administering 100mg of the acid the fluorescence became very remarkable, especially in the liver and kidneys, and in the lamina of renal tubules the crystals of the acid giving whitish blue fluorescence were observed.
DISCUSSION
Many fluorescent substances are seen in the bodies, but it is most important to dif ferentiate orotic acid from various vitamins.
Fat-soluble vitamins, such as vitamin A, D and E, have yellow or yellowish brown fluorescence, and in frozen sections it is neccessary to distinguish orotic acid from these vitamins.
In histochemical pre parations the presence of vitamin D and E comes hardly in question, but vitamin A content is relatively high and can be detected well histochemically, especially in the liver, where the fluorescence of orotic acid is covered by that of vitamin A. In this case, the sections are subjected to ultraviolet irradiation for about 10 to 30 minutes to destroy the fluorescence of viamin A without affecting the orotic acid. Vitamin D and E are generally too little to cause any effect, but even if they were present, they could be easily distinguished, as they are destroyed in about 3 to 5 minutes under ultraviolet light.
In paraffin section method vitamin A, D and E are easily removed by treatments with alcohol and xylene and come hardly in question.
Many water-soluble vitamins show primary or secondary fluorescence.
The pri mary fluorescence of thiamine is very feeble, and is converted to thiochrome showing whitish blue fluorescence by oxidation with ferricyanide. It is therefore easy to distinguish orotic acid from thiamine.
Riboflavin shows a yellowish green fluores cence, but it is easy to distinguish it from orotic acid because the former loses its uorescence by reduction with hydrosulfite according to Chen (4) . The whitish blue uorescence of pyridoxine is not intensified by H2O2 and its fluorescence is remark ably weakened by alkali or acid according to Hung (5) . Thus it is easy to distinguish it from orotic acid.
The intensity of the fluorescence was shown to parallel the doses loaded, indicating the fluorescence to be due to orotic acid.
Then, the distribution and fate of orotic acid in the bodies will be taken into consideration. Orotic acid is known to be rich in cow's and goat's milk (6) . But little has been known concerning the distribution of the acid in the bodies. The ndings obtained by the authors will be described below.
Orotic acid administered orally is mostly resorbed from the small intestine, only a small amount being resorbed from the stomach and large intestine.
The passway of the acid resorbed from the small intestine is almost the same as those of water soluble vitamins, such as thiamine and riboflavin.
Namely, the acid resorbed from the epithelium, passes the basement membrane and through the capillaries of submu cosa it is mostly brought into the portal vein.
A small part of the acid is brought into the thoracic duct through the central lacteals.
The acid having into the liver from the portal vein mostly remains in the liver cells but it is partly excreted in the bile, which is then reabsorbed from the small intestine.
The acid having entered the systemic blood through hepatic veins is brought to each organ.
But the uptake of the acid by the organs is various. It is distinctly detected in the spleen, bone marrow, kidneys, heart, brain, spinal cord and testes. Observing the distribution of the acid in the hematopoietic organ, it is abundantly found in myeloblasts, myelocytes, and erythroblasts besides the reticulum cells of the bone marrow, in the reticulum cells and lymphocytes of the white pulp of the spleen, and in the reticulum cells and lymphocytes of lymph nodes.
It is interesting that orotic acid is abundantly taken in the hematopoietic portions, considering that the acid acts as vitamin Bra having antianemic effect.
In the nervous cells the acid is abundantly found in the cytoplasm and nuclei, especially rich in the Nissl's substances of the nervous cells.
Nissl's substances are considered to be composed of ribonucleic acid (RNA).
Orotic acid is possibly syn thesized to nucleic acid through uridine or cytidine.
It is in agreement with the fi ndings of Brattgard et al. (7) that C14-orotic acid is incorporated into the RNA frac tion of hypoglossal nervous cells.
In the testes, the acid is taken in the seminal cells of varying stages and is used as the material of nucleoprotein.
In the kidenys the acid is abundantly found about 3 to 6 hours after administration.
From the histological finding, it is assumed to leak from the glomerular capillaries.
The acid thus transudated is reabsorbed again from the epithelium of the tubules. If the acid is given beyond reabsorption ability of the tubules it appears abundantly in the lumina of the collecting tubules.
Thus the orotic acid is resorbed from the small intestine and through the liver it enters the systemic blood stream.
It is then distributed in each organ. The acid is mostly taken into the organs, having vigorous activity of synthesizing nucleoprotein, such as hempatopoietic organs, testes and nervous cells. The excess acid is excreted from the liver into the intestinal tract through bile and also excreted in the urine from the kidneys.
SUMMARY
Orotic acid shows a whitish blue primary fluorescence which is remarkably intensified on addition of H2O2. Utilizing this property a histochemical method was devised. The histological technique and fundamental critical tests were described. Using this method the distribution of orotic acid in the rats loaded with orotic acid was ob-
